In epidemiological studies it is common practice to work with binary variables that reflect the presence of certain diseases, which in turn may be associated with another set of variables, that in general are assumed as risk factors of the former. In the field of epidemiological studies referred to oral health, it is common to inquire about the relationship between the presence of some pathologies and certain characteristics of the study participants through generalized linear models (GLM). However, this type of analysis is usually carried out for each variable of interest separately and at no time is a measure obtained that summarizes the status of each participant. The objective was to apply and compare two methodologies; one applying classical approach of explaining each oral disease separately from a set of explanatory variables and another using item response theory (IRT) models (specifically the Rasch model) since they allow the joint analysis of a set of variables obtaining an individual assessment as a by-product, which in this case is interpreted as "sickness proneness". On the other hand, the analysis presented here extends the Rasch model including a linear predictor that allows to investigate about the possible effect of several factors on the propensity of the individuals to suffer the different pathologies. Our results found evidence of an effect of gender, insufficient physical activity (IPhA) and age on general proneness to oral diseases.
Introduction

1
The epidemiological study of the most common oral pathologies, decay (D), loss of 2 attachment (LoA), periodontal pockets (PP) and non functional dentition (NFD), can 3 be carried out through different indicators, the most accepted of them is through binary 4 variables representing the presence/absence of each pathology. There is a hierarchy of the variables that will be used, those that appear in block 6 one in Table 1 are risk factors, which are characterized as life habits. The variables in 7 block two represent the most important noncommunicable diseases (NCD) and 8 represent the largest burden of disease worldwide. Finally, the variables of block three 9 represent oral disease, which can also be considered as NCD. Specialists think that 10 these diseases are closely linked to the variables of both blocks one and two. propose to use Item Response Theory (IRT) models [Baker,2017] provide an assessment of each individual.
30
Some applications of this methodology to the dental area are [Reis,2014] on which the 31 authors assess the psychometric properties of dental care questions to calculate a score 32 for Brazilian states, [Yu-Feng,2013] used item response models to analyze an 33 anesthesiology examination for medical and dental students and [Francisco,2012] 
Materials and methods
46
As mentioned in the previous section, given the binary nature of the variables used for 47 each oral disease, the Rasch model [Rasch,1960] appears as a natural starting point for 48 the analysis.
49
The simplest IRT model assigns one "difficulty" parameter to every variable 50 ( [Baker,2017] ) and a non-observable parameter to each individual. Different theoretical 51 curves from the Rasch model are shown in Figure 2 , where Y ij is the answer of
( 1) which is known as the Rasch model or one parameter logistic model.(see Fig 2) 54 
Where Y ij represents the occurrence of the disease j on participant i, θ i is the 64 subject parameter (which in this context can be interpreted as the sickness proneness of 65 each participant), δ j is the difficulty parameter of each variable (that here is related to 66 the prevalence of each pathology), X T i β is a linear predictor that accounts for the effect 67 of gender, age 2 and physical activity. Equation 3 expresses the likelihood function.
68
The likelihood function of the model appears in the Equation 3 69
The optimization of the likelihood function is carried out numerically and, through 
85
In addition to the risk factors considered, attributes such as age and gender were 86 included in the model. The modeling strategy (after having estimated several models) is 87 as follows:
88 activity in a week 2 The effect of age is modeled non-parametrically using restricted cubic splines.
factors in an IRT modeling framework.
90
2. Logistic Regression was estimated independently for each pathology using the 91 same set of explanatory variables.
92
Joint analysis of four oral diseases and significant risk factors using the extended
93
Rasch model is presented in Table 3 . and, regarding insufficient physical activity, it decreases the mean value of "sickness 101 proneness", (see Fig 3) .
94
102
Regarding the effect of age, the restricted cubic spline shows a significant increase 103 effect (with negative concavity). Finally, a significant effect of physical activity, as well 104 as gender, was found in the propensity to oral diseases. The results presented on Table 4 show the effect of age, gender and physical activity 106 on every oral pathology separately. It can be seen that physical activity has a significant 107 effect on the presence of decay as well as age is associated to every pathology. It can be seen that, to a greater or a lesser extent, age can be related to every 109 pathology, having a greater increase on early ages, slowing down as on late ages. In 110 terms of gender, it can be seen that it has little or null effect on every pathology.
111
Ultimately, IPhA shows a significant effect only on decay an non-functional dentition.
112
Conclusion
113
Through the proposed model, it was possible to determine the prevalence level of the 114 studied pathologies as well as the effect of some covariates of interest. It was observed 115 that insufficient physical activity had a significant effect on "sickness proneness".There 116 was also detected a significant difference between men and women, while a non-linear difference between the two approaches was the effect of gender, while it was barely 120 detected as significant on some oral pathologies, it was found that is was very significant 121 on "sickness proneness".
122
Future lines of research will include extending these our approach considering more 123 elaborated IRT models. Consider more flexible IRT Models (2/3 parameters) and 124 interpret their results in this context. By the other hand evaluate different cut-off 125 thresholds for some of the covariables and their impact on the pathologies.
126
Also taking into account that there is a hierarchy in the variables of the 3 blocks, a 127 multilevel analysis is proposed.
128
